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1. INTRODUCTION

The nature of the collective bremsstrahlung instability and its
possible importance to plasma astrophysics and relativistic beam-plasma
systems has been explored in considerable detail by Tsytovich and
Akopyan. 1- 5* For an unmagnetized plasma, the photonic growth rate
depends on the collective bremsstrahlung probability. Nonlinear brems-
strahlung associated with the three-plasmon dynamic polarization vertex
has been shown to make an important contribution to the bremsstrahlung
probability.1'2  In vacuum quantum electrodynamics, because of Furry's
theorem,6 the analogous diagram is vanishing and is therefore absent in
the standard Bethe-Heitler bremsstrahlung cross section.7  In plasma
turbulence theory, the collective bremsstrahlung probability depends on
the no-linear bremsstrahlung amplitude through the second-order
nonlinear conductivity tensor. The symmetry properties of this tensor
are especially important in reducing the complex expression for the
collective bremsstrahlung recoil force in a relativistic, weakly turbu-
lent nonequilibrium plasma. The latter is needed to determine the

collective bremsstrahlung probability.1 '2  The symmetry properties were
documented to some extent by Tsytovich and were shown to be related to
the approximate nondissipative nature of the nonlinear current and also

to crossing symmetry in three-plasmon interactions.
1 '8'9

The symmetry properties of the nonlinear conductivity tensor have.
been investigated also in other work. For nonrelativistic, weakly
turbulent plasmas, they were established long ago.1 0  For relativistic
plasmas in which the fields and the particle distributions are such that
resonant wave-particle interactions can be ignored, the symmetry
relating principal parts only has been demonstrated to all

orders. 11- 13 Others have investigated also the relationship between the
approximate symmetry and the fact that the total energy dissipated by
the nonlinear current is vanishing.8 '13',1 The relationship to crossing
symmetry was also investigated in analyses of three-wave coupling be-
tween Langmuir, sound, and transverse waves.1 1' 15  The relationship to
generalized Onsager relations also has been addressed.11  The symmetry
properties have been related to those of the Poisson brackets in a
perturbatidn-theoretic Hamiltonian formulation.1 0 '1 1  Moreover, in
coherent three-wave interactions and the weak turbulence equations, it
follows from the symmetry properties that wave energy and momentum are
approximately conserved, and the Manley-Rowe relations obtain.10 ' 16 - 2 1
To a limited extent, symmetry-breaking effects associated with violation

of the Manley-Rowe relations have been addressed.
16'2 1'2 2

*See references in Literature Cited section.
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This paper reports two exact symmetry properties of the nonlinear
conductivity tensor for an unmagnetized, relativistic, weakly turbulent
plasma. The symmetries are not limited to the principal part. Their
principal parts reduce to the well-known approximate symmetry. One of
the exact symmetries was obtained previously by using the standard
expression for the second-order conductivity tensor in plasma turbulence
theory, resulting from straightforward iteration of the Vlasov
equation. 14 2 3 -26 However, this symmetry was defined in an unphysical
region of wave vector space, at least in its relationship to the second-
order nonlinear current density. Another exact symmetry defined in the
physical region is developed here. The iterative approach furnishes a
new polynomial representation of the second-order conductivity tensor in
which all derivatives are removed and the pole structure is clearly
exhibited. It is hoped that the present elaboration of these symmetries
will facilitate deeper understanding of the collective bremsstrahlung
instability and the dissipative properties of the three-plasmon vertex.

In section 2, the polynomial representation of the second-order
nonlinear conductivity tensor is presented. In section 3, the exact
symmetries and their derivations by means of the polynomial representa-
tion are discussed. It is also shown that, ignoring resonant wave-

particle interactions, the exact symmetries are reducible to the well-
known symmetry relation for the nonrelativistic longitudinal case. In
section 4, the results are briefly summarized.

2. POLYNOMIAL REPRESENTATION OF SECOND-ORDER NONLINEAR CONDUCTIVITY
TENSOR

The second-order nonlinear conductivity tensor S il(k,kl ,k2 ) in
plasma turbulence theory is defined by 2,14

Sijl(k'k1 3 k2) = e2 f d3 p vi V- *)

J (2) -. + is 1 Pj

(1)

47' + Vtk1  I + + iS k2n n P i
m 2 - 20 o niP

and is related to the second-order nonlinear current IJ2) by1(2) ef k 1 dk 26 (k-kl -K,2) Si (kkl k2)Fk jEk 1(2)~ki -e 1+ + ''S k,1
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It should be mentioned here that the tensor defined by equations
(18) and (20) of Akopyan and Tsytovich2 differs implicitly from equation
(1) here in that, instead, the first complex denominator w - + iS in
equation (1) is implicitly w - t.v - i6 there. The notation of equa-
tions (1) and (2) corresponds more directly to equations (10) and (12)
of Tsytovich. 2 7  The symmetries discussed here pertain to the two sym-
metrized forms

oi 1(j 1 2) s~lkk 1 2) * si1j(k,k 2 k) (3)

The tensor o. (k,k ,k2 ) is the same as i..l(k,k k2 ) of earlier
work.lo'2 4#'2 6 1It is convenient also to define lhe an isymmetrized form

Oljl(k,k 1 k2 ) above.

First integrating equation (1) by parts, dropping surface terms,
then using the relativistic kinetic relations, performing the differen-
tiations, and combining terms, one obtains

dlp R(0) _I 1 + 2 21
((k 2) -Q&Jd3 p C2 1 +i6 (Q + iA)(9 2 + i6)

a3 + 'f21 at4 + il+ +

(Sl + i(S )(S2 2 + i) 2  (SI + iS)2
(4)

O5 + '5 I %6 + 16"1+ +

(2 + id) 2(, 2 + i) ( 2 + i6)2(S2 + i6) 2

2 2

a 7 1 +7Q a8 + 1 8]+ + I
( + i6 )3  (S2 + i6) 3 (p 2 + i6)

where

] = (M2c4 + p2C2) I/2 (5)

0 ,' QI' P 221 1wI -  P . w,1 -pip W2 - I2 (6)

I ) .. ' '

1i 'l cv, J 1 v, ~v~ (7)
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and where {a n = 1, 8) and {5, n =1, 81 are complicated tensor poly-
nomials in the components of v, 11, i' and t2 They are simply a re-
naming of the coefficients Cn.14 For notational convenience, the tensor
indices of the a n - %j(k,k l ,k ) and R - ni(kklk ) are sup-

n=nijl 12 n 'nijl 12pressed. Explicitly, the an are given by

= (c2k - U1 vi)6jl - (c2kl- Vli - lvi il (8)1 1 1

2k 1i vjv, + 3c- 2i1v i v j v l1

a2  ((I I2 - c2ki' 2) V1 3ij + 4c-2I. 2viVi

+ c2 kIijk2 1 + c 2 k1 i k2 vi - Pi k2 ivjvl (9)

Uivk 2 v - - 3P2kliVjVl

a3  (2 k2 2 h)k 1 vv + (c-2pu1 2 - 1Jk2)vivjvl (10)

a= (c2t.t 1 _ I ,)(vi6jl + v J6,l) -c
2 vikjIc11 + ~jjvik iVi

-211 1 viv ik, -lik 1 vjv1 + c2 k ivjk 1  (11)

+ (5c-2 wil- A Ivivjv,

a 5 =(_c2t 1 , t 2 + )i.i 2) vikjvl + (c2t.tj IN i )vivjk

1

+ (c2-.t 1  U 1)vik 2 V + (2t.#I 1 1)ki vjvl

(12)

+ (2.1 - v )k vl + 2 -2P A - .

- 2 p )vivjv ,
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a6  2 lip.1k 1 2 1 P2 + c i 1iii2)vv ,()

a7 ~~1 2 ( cl41 - u 1 ) v vjk - ( 14 )

a 8  =2(c~ ~ p ' + C-2J2~ li * 15

The are given by

a, ~ =i -vs v + 3c-2 vivjvl

a1 i =vv6i -
(16)

a2 =(21 2'2v1)6ij - '2vjvl - vik 2 jv1

(17)

-vivjk 2+ 4c-2 p i V1

a3=(2k2 - UI2)vp..j + (c-2V, - k2)vivjv
1 , 

(8

=(2k1 - uvl)cS. + (C2kj - 1.v)6fi -j,

(19)

-2viv ik 1- 2vikiv+ c2vjl

S(c2t4 2 -it v1 + 2(3c-2uI12  -t i

+ c2k2 k. v + c2vi k1 i k2 
(20)

lii 1 - pviv k 21 tk 2ivjv1  31- vik~ V1

9



Cl6 = (c2k2 -ij2)viklvl + (C-211li2 - 1Jk)vivjvl (21)

C7 = 2c 2 vikjkl - 2ovikjVl -2vivjkl + 2c-2 2vivjvl (22)

Cl8 = 2 (c2 tt 2 - P11 .2) Vikjvl -2 (t t2lj - c-2121 2) v~vjv1  (23)

The polynomial representation given by equation (4) contains no deriva-

tives, and the explicit pole structure is clearly exhibited. In section
3, equation (4) is used to obtain the exact symmetries.

3. THE EXACT SYMMETRIES

In this section, the polynomial representation, equation (4), of the

nonlinear conductivity tensor is used to explicitly establish the
following exact symmetries in wave vector space:

j,k 1  k2) - (7il~kl,±klk 2 ,k2 ) . (24)

The one involving at (-kl-k2,kl,k2) was obtained previously. The one

involving at.j(kl+k2,1q,k2) occurs in the physical region of wave vector
space of equation (2) and is therefore of greater interest.

First replacing k by ±kl±k2 in equation (4) and then combining

terms, one obtains

Cij (±k ±k 1k1 k)

24

=e
2 c2 f -dp _P E n=1 + in11 6n (25)

(2y) 3 2 + i) + i 3 ( + is3

1where

10



R 1, 24 S Q4 Q1 Q5 Q12 Q)6, Q2Q-3, ~-22Q4 Q20-5, 2226, 23Q2no1 2 12' 12' 1 2 12' 12' 12' 1 2

1 2 1 2 1 2 1 2 1 2 1 2 1 2 12'
(26)

Q40 Q50 )-q1 5s2, Q5Q3,l 6 -1 54L QS-l6 16-2 Q6Qf

12' 1 2' 12' 12' 12' 1 2' 1 2'1 2

and where (an' ,n =1, 24} are complicated tensor polynomials in the
component of .,,adt The latter are given by

2 k ( k2 + c2* k2 
_ P~k2 - P k - 1i 2t

I C12 1' 2 1 2 1 1 21 11' 2

(27)
1-2k + c-2 P 2 1 2  

+ -1 3P v j l
12 1 2 12

=(2k2 2 l)k 1 v vj (c2 k2 - 112)k 21vivj

+(c2k2 P 12)k, v v + (~2Ik2 - 4-~2 2c-l21J(8
I I il P211 1P2(8

a (C 2k2 1l2)vj6, 1 - (k2 - c-2tI2)viv vi (29)

a [3c2 k k + 2c 2 k2-~ + 2c2( t 2 2 + 3~~

1 2 1 12 1 2 2 1 2 1 2

* (30)
2 22 12 3t31cp U

2  TZ 1i c2
2 ij

2 1 2 2 11 2 1 +

+ 5c2 12+ 3c-211 3  vivjv,

1 211



85=(2c4 2t k1  + 3c2 k~k1  - 2Iik1  - 3~

+ c2 t1 e k2  -P 2k1  - Ii k2  + c 2 k~k1

+ 3c2 k2 k - 31k 2 )vivj

+ (C 2tiot 2 k 1 j 11 2 k1  + c 2 ti1  2 k 2i - i1Pk2i

(31)
+ c2kk 1  -i 2~k + 3c2 k~k2  312k) vjv 1

+ (2t, otk 1  - Ii Iik1 i + c 2 k~k1  p2 v iv1

+(di 4 1 + 13c-2 12 p 1 3k2  -2 + 3c- 1

2 1 22 21 1 1 2,1

86 ) 2 (3+ 3c2 k2 )v Sii + :2k2 kii + kk

61 1c1 1ik v

+ (--'p2 kl - 4pjlkl - *tl 2)v. (32)

+ (~ 2klj - Jl1k1 jvi + (-'l 2 kl - plkli - 3Plk 2i)vjv1

(4k2 c~~p + 8c 2 p- lt 2 vivjv1

8 w = j + C2 k1 . - k1.vjv 1 - k11 vivj

(33)
-k 1 viv + 4c 2 Iiviv v

12



2k +2 .2C 2[8= 3c 2k + 2c2 kt 2 + 3c2#t 1.il + lot~1 2

- 3k2P - 3k2iu - A-

(34)

- 2k 2 1u1 1 3k 21 2  - 3t.t 11 2  + 2c-2 3 (34)

1 12 1 2 122 1 12

+ i 1 12 + 3c2p 1 uP2Jvivjv 1

8 3 (c2kc~ 2  + 2c2t 1
4
2 kc - j~k2- 2 1 p11k289 1ck 21 2 11 21 12k21

+ 2c 2 k 2 k + 2c 2 # 1"t&2k - 2p 2 k + c 2 k 2 k
1 11 2 11 1 ii 2 11

+ ( 2 i I+

2 2 k ViVj 1 2 j + 2

+2c 2 k2 k - 2 k  -2pP k - +22 k 2c 4 . k
22 2- j 12 - 22j 1 21IjJ J -)2J) Jk~

- 2p 1 2 k1  + 3c 2 k 2 k j- 31 2 klj ViV1
JJil

1 (2 , k i + 3c2k2k - 3j2k i (35)

+ c 2 pI - 2I li i2  
- 2i

+ 3ck + 2ct- k - 32ck2 - 2p)P kvvj V1

14, + -I1' . - 9k2 Ii - 10di.t2I 2  + 19c-211i112

13
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10 (2k2 + 2c 2t 1
4 

-t 2J - 2pi~J + c 2 k2 ),

+ (3142 + 3c2k2)vj6, 1 + (c2k2- 2)Sj

+ (2c2k~lkl + c 2 k k2  + 3c 2 k k)v 1

+ (ck1k i+ 2c 2 k 2ik 1  + 3c2k 21k)v

+ ( 2k Iik 2j+c 2 k 2 j k 2  + 3c 2 k I k 2 )v

+ (~1,kl1  - Epk 2 j - "2 k 2 , 411 2 k 1) viv (6

+ (2zikl1  - 7ji2k1 i - 8jjl k2 i - ~2 k 2 i) Vvl

+ 21 1k2.j - 2jPlk 1. - 71J 2kj. 4zk2 j)ViV1

+ (1 4c 2PJ2 + 32c-2 p Ai t ~ 6k2
1 2 12 1

-3k2 + 7C-2112v v v

8 (c2k 1 i + c 2 k 2 i 21, lv, - 211 2 v 6j1

+ (2 k2 1 ' 2 vl)'ij + (,c2kj -pv~i

j- 2 (k2 1 + 2k I1)vj - 2 (2k1Ii k 2) vjv1 37

- 2 ( 2.j + 2k1 j) Vivi +. 8 (1 2 + 2.) C-2vivjv1

8 12 (-Vi6ljl v1.6ij vj6, 1 + 3C-2v~vjv 1) ,(38)

14



13 (c2k~k2 + c2 11  k2 - ,20-

+ jj
2 2  

+ c2 -2 3~)v.vjv1  (39

14 (C2= t2kl - p p ~k 1  + 3c
2 k2 k -31k 1  + c 2 k~k2

+ c2
kl~ k~ k 1k2 i 1 2 i i 12 2jjv1

+ k~ - +J12 212 2 -i 2 )Vi v. (40)

+ (c2k~k2 + 2c2 t 4 2 k2  1,2 21- l + c 2
t 1 .kI

- i + 3c2k2 ki + 3c2 k2 k 3112 31j~kvv2121. 2 2 21l 2 2) au

+ (6k.42pi - 4k2 11 + 8 -2jt 7kt 3k2j

13-pt2+ 3c-2 j 3 -d4 lvjl

-v 2~ + c2k2)VjS.
1 + (-3.p2 3ck~v

1 .

15 -u 1 ~1i + c3 2k k2 - +
2 2 qij

+ C2(kljkl + 3kjck 2 + 2k2 k 2 ) Vi

+ C (lill+ 3k ik 2 1 4k 2 1 k ij V

+ C (k i~j+ 3k 2 kl + 2k lik 2 j)v I

+ ( 7p 1 k2 1. - 22k21- 4pI 1 1 - 2u 2 k I)viv (41

46 
/+(-ulklj - 8" 2 k1 - ftu2 k 2 j - 411k2jV

+ (-,Ikli - %U2 kl - 2Uj2 k2 1 - 7jilk 2 ijv

+4 7-2j + 32c-2 w l +- 14c-2u 2 k

-~ 1k)~vv 2
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5 (ck + k 6v - 5 c(k .+ 2  6i,(2
J 1j 2

j ) 2)J1. i

+~- 20U~j 
-C 

-2~l 
+i 

+
2] v-1i2)Vi

17 -3v 6.1 - 3vl6ij - 3v i s 1 + 9&-2vivjv , (43)
018 =(C2k2kj +c 2

k2k jk -jk\21 2 2j i2 k 2 2 i) 2. 1

+ ( c -2 lt, + C -2M 3
1 ~ -I ~ ~ v v ~ i( 

4

+ (2 k2 - t2 )kivjvl

a19 = c2k iik 2v. + (C 2k lk 2j+ c2
k Ijk 2i+c 2

k 2 k 2i

+ 42j 2 c2k 
2 )Vi + (3c2k2 - 3t2) 1

k + 2 1 k 2 viv - + 221 ~

2+ 312 k1 1  (45)

-(211 1 k2 j + 3J2 k, 4i ~2 k2 j ) viv1
+ 2 (5,-2 IP2 - 2k22 + 4c-2 j2

820 = (c2k 21- 6ti 2 v ) 6. + (c2k1 j -2p1v)6

+ 2k + c2 k -
2

1 1  -2Jv)

+ 8 (c i 2 i 2 1 J v iv - 2 
(46

+. , 8. 4.2 2 + 2 c - V i

2 2(k11 + 22 viv. (2 k I + Ak2 )vjvl

* f 16

L



iI

821 -3vi6jl - 3vj6il - 3v16ij + 9c-2 vivjv l  (47)

22=(C2k2 _ V)vldsj + (-~2U2 - k2 vjvjv, (48)

823 ( J2 Vl + C2k 2 )6ij - k2 ivjvl - k 2 viv 1

(49)

- k 21viv + 4c-2U2vivjv I  ,

24 =-vi691 - vj6il - Vl6i9 + 3c-2 vivjv I  (50)

Similarly, by reducing (oil(-k 1 ,+k.I+k 2,-k2 )) , comparing the result
with equation (25) term by erm, and then using the reality property of

the current and the electric field, the exact symmetry relations given

by equations (24) follow.

The principal parts of equations (24) correspond to the well-known

symmetry of the second-order nonlinear conductivity tensor. This corre-

spondence results from ignoring resonant wave-particle interactions. In

that case, the well-known symmetry relation for the nonrelativistic

longitudinal case, equation (2.83) of Tsytovich,9 also follows. To see

this, one first notes that the pure longitudinal nonrelativistic second-

order conductivity Sk,k,k is given by

e
3

Sk,kl 21 +3
t~ (.'2 - I2I fW I tH2I J+ 16 P+i 6 2 2 * + i6 ( 1(51)

(+ .+p)R(O) d3+p
x 2 . V P ( 2f )3

Comparing equation (51) with equation (1) then yields

ki kj 21.

S I s l(k~k1 1 k 2 ) (52)

By using equation (3) and equation (52), it follows that

17
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+ s kk atk -k + Sk ,-k( k2 ) 12 1 2 1 2'P

(kj + k 2 j)klk 2 i'(k 2 kl+k 2 '-kl) (3

-- -e

I~ 21 IiIl It2 (&I + WA2)W2W2

and

- 1 + 2 (S-k -k 2 , k 1  -k 2  k S -k - 2 , -k 2 - k 1

(kl1j + k 2 ) k l  k 2ia j l i l+  ( kl-k 2' k 2 1 k l1)  (54)

= -e

I+ t 21 I1I Ir2l (W1 + w2)W1w 2

If one ignores the imaginary part 6 in equation (1), then using
equation (3) one immediately obtains the following approximate relation:

at 1 (-k~ki tk) - -ot~(k~k11 k) . (55)

By using equation (55) together with one of the exact symmetry relations
equations (24), it follows that

a.(lk - k)- ati1(k ik +k 1 k) . (56)

Substituting equation (56) into equation (54) and comparing the result
with equation (53), one obtains

2 (Sk 2 1kI+k 2 ' - k l + Sk2 , - k l ,k1+k 2

(57)

(S+ 2 -kl-k 2'-kl'-k2 +  -kl1-k 2'-k21-k

Equation (57) is the well-known symmetry relation for the nonrelativ-

istic longitudinal case (eq (2.83) of Tsytovich9 ). Ignoring the
imaginary part 6 in equation (55) is equivalent to ignoring resonant
wave-particle interactions and including only the principal part. The
approximate symmetry can also be shown to follow from the other exact
symmetry of equations (24).

18



4. CONCLUSION

In conclusion then, the following exact symmetry relations hold for
the second-order nonlinear conductivity tensor of an unmagnetized rela-
tivistic weakly turbulent plasma:

=j 2 ' k  2 )  Ojili(k, ±kl±k2 k2 ) , (58)

where A (k,k k ) are defined by equations (1) and (3). Also, a
;Jl 112

polynomial representation, equation (4), for the tensor has been
obtained in which all derivatives are removed and the pole structure is
clearly exhibited. The principal part of the exact symmetries, equation
(58), is the well-known approximate symmetry that applies when resonant
wave-particle interactions are negligible, the Manley-Rowe relations
obtain, and the nonlinear current is nondissipative.

The symmetry properties are especially useful in the calculation of
the bremsstrahlung recoil force in a relativistic nonequilibrium
plasma. The latter is necessary to determine the collective bremsstrah-
lung probability and to investigate the conditions for the occurrence of
a bremsstrahlung instability.

2 8

i.1
11

;:° i*



LITERATURE CITED

(1) V. N. Tsytovich, Bremsstrahlung of a Relativistic Plasma, Tr. Fiz.
Inst. Akad. Nauk SSSR 66 (1973), 191 (Proc. (TRUDY) of P. N.

Lebedev Physics Inst., 66 (1975), 199].

(2) A. V. Akopyan and V. N. Tsytovich, Bremsstrahlung in a Nonequili-
brium Plasma, Fiz. Plazmy, 1 (1975), 673 [Sov. J. Plasma Phys., 1
(1975), 371].

(3) A. V. Akopyan and V. N. Tsytovich, Transition Bremsstrahlung of
Relativistic Particles, Zh. Eksp. Teor. Fiz., 71 (1976), 166 [Soy.
Phys. JETP, 44 (1976), 87]; Bremsstrahlung of Relativistic Elec-
trons in a Plasma in a Strong Magnetic Field, Zh. Eksp. Teor.
Fiz., 72 (1977), 1824 (Soy. Phys. JETP, 45 (1977), 957].

(4) A. V. Akopyan and V. N. Tsytovich, Bremsstrahlung of Relativistic
Electrons in Plasmas, in Proc. of XIIIth International Conference

on Phenomena in Ionized Gases, Physical Society of German Demo-
cratic Republic (1977), 917.

(5) A. V. Akopyan and V. N. Tsytovich, Bremsstrahlung Instability of
Relativistic Electrons in a Plasma, Astrofizika, 13 (1977), 717
[Astrophysics (1978), 423].

(6) W. Furry, Symmetry Theorem in the Positron Theory, Phys. Rev., 51
(1937), 125.

(7) H. Bethe and W. Heitler, On the Stopping of Fast Particles and on
the Creation of Positive Electrons, Proc. Roy. Soc. A., 146
(1934), 83.

(8) V. N. Tsytovich, Kinetic Equations for Elementary Excitations and
Nonlinear Interactions Between Waves in a Plasma, Preprint, Fiz.
Inst. Akad. Nauk SSSR, No. 12 (1968) [CTO/616, Culham Translations
Office (1969)].

(9) V. N. Tsytovich, Theory of Turbulent Plasma, 76 (Consultants

Bureau), Plenum Publishing Corp., New York (1977).

(10) L. M. Al'tshul' and V. I. Karpman, The Kinetics of Waves in a
Weakly Turbulent Plasma, Zh. Eksp. Teor. Fiz., 47 (1964), 1552
(Sov. Phys. JETP, 20 (1965), 1043].

(11) D. B. Melrose, Symmetry Properties of Nonlinear Responses in a
Plasma, Plasma Phys., 14 (1972), 1035.

20

___,_______I



LITERATURE CITED (Cont'd)

(12) J. Larsson, Current Responses of All Orders in a Collisionless
Plasma, I. General Theory, J. Math. Phys., 20 (1979), 1321;
Current Responses of All Orders in a Collisionless Plasma, II.
Homogeneous Plasma, J. Math. Phys., 20 (1979), 1331.

(13) J. Larsson, Conductivity Tensors of All Orders in a Collisionless
Plasma, J. Plasma Phys., 21 (1979), 519.

(14) H. E. Brandt, Symmetries of the Nonlinear Conductivity for a
Relativistic Turbulent Plasma, Harry Diamond Laboratories HDL-TR-
1927 (March 1981).

(15) L. M. Kovrizhnykh, On the Theory of a Turbulent Plasma, Sov. Phys.
JETP, 21 (1965), 744.

(16) A. N. Kaufman and L. Stenflo, Action Conservation in the Presence
of a High-Frequency Field, Plasma Phys., 17 (1975), 403.

(17) S. Johnston and A. N. Kaufman, Generalized Ponderomotive Forces

and Three-Wave Interaction, in Plasma Physics, Nonlinear Theory
and Experiments, H. Wilhelmsson, ed., Plenum Publishing Corp., New
York (1977), 159.

(18) J. Dougherty, Lagrangian Methods in Plasma Dynamics, I. General
Theory of the Method of the Averaged Lagrangian, J. Plasma Phys.,
4 (1970), 761.

(19) J. Galloway and H. Kim, Lagrangian Approach to Non-linear Wave
Interactions in a Warm Plasma, J. Plasma Phys., 6 (1971), 53.

(20) P. A. Sturrock, Action-Transfer and Frequency-Shift Relations in
the Nonlinear Theory of Waves and Oscillations, Annals of Physics,
9 (1960), 422.

(21) R. Z. Sagdeev and A. A. Galeev, Nonlinear Plasma Theory, The
Benjamin Co., Inc., New York (1969).

(22) K. Mima, Modification of Weak Turbulence Theory Due to Perturbed
Orbit Effects, I. General Formulation, J. Phys. Soc. Japan, 34
(1973), 1620; Modification .of Weak Turbulence Theory Due to Per-
turbed Orbit Effects, II. Nonlinear Landau Damping of Electron
Plasma Waves, J. Phys. Soc. Japan, 35 (1973), 261.

(23) H. E. Brandt, Symmetries of the Nonlinear Conductivity Tensor for
a Relativistic Turbulent Plasma, Bull. Am. Phys. Soc., 25 (1980),
1035.

21



LITERATURE CITED (Cont'd)

(24) H. E. Brandt, Exact Symmetry of the Second-Order Nonlinear Conduc-
tivity for a Relativistic Turbulent Plasma, Phys. Fluids, 24
(1981), 1760.

(25) H. E. Brandt, Exact Symmetry of the Second-Order Nonlinear Conduc-
tivity Tensor for a Relativistic Turbulent Plasma, Bull. Am. Phys.
Soc., 26 (1981), 588. 1

(26) H. E. Brandt, Second-Order Nonlinear Conductivity Tensor for an
Unmagnetized Relativistic Turbulent Plasma, Proc. of Course and
Workshop on Plasma Astrophysics, International School of Plasma

Physics, Varenna, Italy, 27 August to 7 September 1981, Pergamon
Press (1982), 361.

(27) V. N. Tsytovich, Nonlinear Absorption of Electromagnetic Waves
During Resonant Plasma Heating, Fiz. Plazmy, 6 (1980), 1105 (Sov.
J. Plasma Phys., 6 (1980), 6081.

(28). V. Tsytovich, Collective Effects in Bremsstrahlung of Fast
Particles in Plasmas, Comments, Plasma Phys. Conf. Fusion, 4
(1978), 73.

22

-- lD



DISTRIBUTION

ADMINISTRATOR CENTRAL INTELLIGENCE AGENCY
DEFENSE TECHNICAL INFORMATION CENTER ATTN R. PETTIS
ATTN DTIC-DDA (12 COPIES) PO BOX 1925
CAMERON STATION, BUILDING 5 WASHINGTON, DC 20013
ALEXANDRIA, VA 22314

US ARMY ERADCOM
COMMANDER ATTN C. M. DESANTIS

US ARMY RSCH & STD GP (EUR) FT MONMOUTH, NJ 07703
ATTN CHIEF, PHYSICS & MATH BRANCH

FPO NEW YORK 09510 DEPARTMENT OF ENERGY
ATTN T. F. GODLOVE

COMMANDER ATTN M. MURPHY
US ARMY MISSILE & MUNITIONS ATTN A. COLE

CENTER & SCHOOL WASHINGTON, DC 20595
ATTN ATSK-CTD-F
REDSTONE ARSENAL, AL 35809 BROOKHAVEN NATIONAL LABORATORY

ASSOCIATED UNIVERSITIES, INC.

DIRECTOR ATTN PHYSICS DEPT
US ARMY MATERIEL SYSTEMS UPTON, LONG ISLAND, NY 11973

ANALYSIS ACTIVITY
ATTN DRXSY-MP AMES LABORATORY (ERDA)
ABERDEEN PROVING GROUND, MD 21005 IOWA STATE UNIVERSITY

ATTN NUCLEAR SCIENCE CATEGORY

DIRECTOR AMES, IA 50011

US ARMY BALLISTIC RESEARCH LABORATORY
ATTN DRDAR-TSB-S (STIN10) ASTRONOMICAL INSTITUTE--ZONNENBURG 2
ATTN D. ECCLESHALL ATTN M. KUPERUS
ABERDEEN PROVING GROUND, MD 211005 3512 NL UTRECHT, THE NETHERLANDS

US ARMY ELECTRONICS TECHNOLOGY & CALIFORNIA INSTITUTE OF TECHNOLOGY
DEVICES LABORATORY THEORETICAL ASTROPHYSICS

ATTN DELET-DD ATTN K. THORNE

ATTN N. WILSON 130-33 PASADENA, CA 91125
I FT MONMOUTH, NJ 07703 DEPARTMENT OF COMMERCE

HQ USAF/SAMI NATIONAL BUREAU OF STANDARDS
WASHINGTON, DC 20330 ATTN LIBRARY

ATTN CENTER FOR RADIATION RESEARCH
TELEDYNE BROWN ENGINEERING WASHINGTON, DC 20234
CUMMINGS RESEARCH PARK
ATTN MELVIN L. PRICE, MS-44 NATIONAL BUREAU OF STANDARDS
HUNTSVILLE, AL 35807 ATTN J. WAIT

BOULDER, CO 80303
ENGINEERING SOCIETIES LIBRARY
345 EAST 47TH STREET DIRECTOR

ATTN ACQUISITIONS DEPARTMENT DEFENSE ADVANCED RESEARCH
NEW YORK, NY 10017 PROJECTS AGENCY

ATTN D: H. TANIMOTO

WRIGHT-PATTERSON AFB ATTN A. PIKE
FOREIGN TECHNOLOGY DIVISION/ETD ATTN J. MANGANO

ATTN J. BUTLER ATTN J. R. BAYLESS

WRIGHT-PATTERSON APB, OH 45433 1400 WILSON BLVD
ARLINGTON, VA 22209

UNDER SECRETARY OF DENSE
FOR RESEARCH & ENGINEERING

ATTN DEPUTY UNDER SECRETARY
(RESEARCH & ADVANCED TECH)

WASHINGTON, DC 20301

23

I A&



DISTRIBUTION (Cont'd)

DIRECTOR COMMANDER
DEFENSE COMMUNICATIONS AGENCY BALLISTIC MISSILE DEFENSE
WASHINGTON, DC 20305 ADVANCED TECHNOLOGY CENTER

ATTN D. SCHENK
DIRECTOR PO BOX 1500

DEFENSE INTELLIGENCE AGENCY HUNTSVILLE, AL 35807
ATTN DT-I, NUCLEAR & APPLIED

SCIENCES DIV COMMANDER
ATTN ELECTRONIC WARFARE BRANCH US ARMY FOREIGN SCIENCE
WASHINGTON, DC 20301 & TECHNOLOGY CENTER

FEDERAL OFFICE BLDG
CHIEF ATTN DRXST-SD, SCIENCES DIV
LIVERMORE DIVISION, FIELD COMMAND, DNA ATTN T. CALDWELL
LAWRENCE LIVERMORE LABORATORY 220 7TH STREET, NE

PO BOX 808 CHARLOTTESVILLE, VA 22901
LIVERMORE, CA 94550

COMMANDER
DIAECTOR US ARMY MATERIALS & MECHANICS
NATIONAL SECURITY AGENCY RESEARCH CENTER

ATTN TECHNICAL LIBRARY ATTN DRXMR-H, BALLISTIC MISSILE

ATTN F. BEDARD DEF MATLS PROG OFC

ET MEADE, MD 20755 WATERTOWN, MA 02172

DIRECTOR COMMANDER
DEFENSE NUCLEAR AGENCY US ARMY MISSILE COMMAND

ATTN E. E. CONRAD, DEPUTY DIRECTOR ATTN DRDMI-TR, PHYSICAL SCIENCES DIR

SCIENTIFIC TECHNOLOGY REDSTONE ARSENAL, AL 35809
ATTN RAEV, ELECTRONIC VULNERABILITY

ATTN R. GULLICKSON ARMY RESEARCH OFFICE (DURHAM)

WASHINGTON, DC 20305 PO BOX 12211
ATTN H. ROBL

OFFICE OF THE UNDER SECRETARY OF ATTN R. LONTZ
DEFENSE FOR RESEARCH & ENGINEERING ATTN B. D. GUENTHER

DIR ENERGY TECHNOLOGY OFFICE ATTN TECH LIBRARY
ATTN J. R. AIREY RESEARCH TRIANGLE PARK, NC 27709
THE PENTAGON
WASHINGTON, DC 20301 COMMANDER

US ARMY ABERDEEN PROVING GROUND

ASSISTANT SECRETARY OF THE ARMY (RDA) ATTN STEAP-TL, TECH LIB
ATTN DEP FOR SCI G TECH ABERDEEN PROVING GROUND, MD 21005
WASHINGTON, DC 20310

NAVAL AIR SYSTEMS COMMAND

OFFICE, DEPUTY CHIEF OF STAFF ATTN R. J. WASNESKI
FOR OPERATIONS & PLANS WASHINGTON, DC 20361

DEPT OF THE ARMY
ATTN DAMO-SSN, NUCLEAR DIV SUPERINTENDENT
WASHINGTON, DC 20310 NAVAL POSGRADUATE SCHOOL

ATTN LIBRARY, CODE 2124
-. j OFFICE OF THE DEPUTY CHIEF OF STAFF MONTEREY, CA 93940

FOR RESEARCH, DEVELOPMENT,
& ACQUISITION

DEPARTMENT OF THE ARMY
ATTN DIRECTOR OF ARMY RESEARCH,

M. 2. LASSER
ATTN DAMA-CSS-N, NUCL.EAR TEAM
ATTN DAMA-ARZ-O, F. D. VERDERRME
WASHINGTON, DC 20310

24

-5g- 'A



DISTRIBUTION (Cont'd)

DIRECTOR ASSISTANT SECRETARY OF THE AIR FORCE
NAVAL RESEARCH LABORATORY (RESEARCH & DEVELOPMENT)
ATTN 2600, TECHNICAL INFO DIV WASHINGTON, DC 20330
ATTN 5540, LASER PHYSICS
ATTN 6000, MATL & RADIATION SCI & TE DIRECTOR

ATTN B. RIPIN AF OFFICE OF SCIENTIFIC RESEARCH

ATTN L. A. COSBY BOLLING AFB
ATTN E. E. KEMPE ATTN NP, DIR OF PHYSICS

ATTN J. T. SCHRIEMPF ATTN R. BARKER

ATTN R. F. WENZEL WASHINGTON, DC 20332

ATTN R. HETTCHE

ATTN J. GOLDEN COMMANDER
ATTN V. L. GRANATSTEIN AF WEAPONS LAB, AFSC
ATTN R. K. PARKER ATTN A. H. GUENTHER
ATTN P. A. SPRANGLE ATTN W. E. PAGE

ATTN C. A. KAPETANAKOS ATTN LR, LASER DEV DIV

ATTN S. AHN KIRTLAND AFB, NM 87117
ATTN T. P. COFFEY
ATTN R. JACKSON ADMINISTRATOR
WASHINGTON, DC 20375 NASA HEADQUARTERS

WASHINGTON, DC 20546
COMMANDER
NAVAL SURFACE WEAPONS CENTER AMES RESEARCH CENTER

ATTN V. PUGLIELLI NASA
ATTN DX-21, LIBRARY DIV ATTN TECHNICAL INFO DIV

DAHLGREN, VA 22448 MOFFETT FIELD, CA 94035

OFFICE OF NAVAL RESEARCH DIRECTOR
ATTN W. J. CONDELL NASA
800 N. QUINCY ST GODDARD SPACE FLIGHT CENTER
ARLINGTON, VA 22217 ATTN 250, TECH INFO DIV

GREENBELT, MD 20771

COMMANDER
NAVAL SURFACE WEAPONS CENTER OAK RIDGE NATIONAL LABORATORY
ATTN J. Y. CHOE PO BOX Y
ATTN H. UHM ATTN A. C. ENGLAND
ATTN WA-13, HIGH-ENERGY LASER BR OAK RIDGE, TN 37830
ATTN WA-50, NUCLEAR WEAPONS

EFFECTS DIV NATIONAL RESEARCH COUNCIL
ATTN WR, RESEARCH & TECHNOLOGY DEPT DIVISION OF PHYSICS
ATTN WR-40, RADIATION DIV ATTN P. JAANIMAGI
ATTN WX-40, TECHNICAL LIB OTTOWA, ONTARIO
WHITE OAK, MD 20910 CANADA

NAVAL MATERIAL COMMAND INSTITUTE OF EXPERIMENTAL PHYSICS
ATTN T. HORWATH RUHR-UNIVERSITY
2211 JEFFERSON DAVIS HWY POSTFACH 2148
WASHINGTON, DC 20301 ATTN H. KUNZE

436 BOCHUM, WEST GERMANY
COMMANDER
NAVAL WEAPONS CENTER PHYSICS INTERNATIONAL
ATTN 315, LASER/INFRARED SYS DIV 2700 MERCER ST
ATTN 381, PHYSICS DIV ATTN B. A. LIPPMANN
CHINA LAKE, CA 93555 ATTN R. D. GENUARIO

SAN LEANDRO, CA 94577
NAVAL INTELLIGENCE SUPPORT CENTER
ATTN M. KOONT Z
4301 SUITLAND RD.
SUITLAND, MD 20390

25



DISTRIBUTION (COnt'd)

SRI INTERNATIONAL 
MAX PLANCK INSTITUTE OF PHYSICSATTN G. AUGUST AN A O SIC P

ATTN C. L. RINO AND ASTROPHYSICS
333 RAVENSWOOD AVE ATTN M. NORMAN
MENLO PARK, CA 94025 ATTN J. TRUMPER

.NK. DNA M CS 5GARCHING BEI MUNICH, WEST GERMANY
B. V. DYNAMICSATTN J. M. BAIRD MAXWELL LABORATORIESATTN R. J. LINZ ATTN J. S- PEARLMAN
ATTN R. MATAONI 8835 BALBOA AVE
15825 SHADY GROVE RD SAN DIEGO, CA 92123ROCKVILLE, MD 20850 

CAMBRIDGE UNIVERSITY
JAYCOR INSTITUTE OF ASTRONOMY
ATTN R. A. MAHAFFEY MADINGLEY ROAD
205 S. WHITING ST ATTN S. PHINNEY
ALEXANDRIA, VA 22304 ATTN M. REES

CAMBRIDGE CB 3 0 HA, ENGLANDLAWRENCE BERKELEY LABATTN A. FALTENS COLUMBIA UNIVERSITYBERKELEY, CA 94720 ATN S. JOHNSTON216 MUDD BLDG
LAWRENCE LIVERMORE LABORATORY NEW YORK, NY 10027UNIVERSITY 

OF CALIFORNIAATNV . LVNK MISSION RESEARCH CORPORATIONATTN S. L V YU 
ATTN B. GODFREYATTV G. CRAIG 
ATTN D. J. SULLIVANATTN J. WYATT 
1400 SAN MATEO BOULEVARD, S.E.

ATTN R. ALVAREZ 
ALBUQUERQUE, NM 87108ATTN G. LASCHEPo Box Ls E 
NATIONAL SCIENCE FOUNDATIONLIVERMORE, CA 94550 
DIVISION OF ASTRONOMICAL SCIENCES
1800 G STREET, N.W.

LOS ALAMOS SCI LAB ATTN M. AIZENMANATTN S. COLGATE 
WASHINGTON, DC 20550

ATTN D. F. DUBOIS

ATTN D. FORSLAND OCCIDENTAL RESEARCH CORP
ATTN C. M. FOWLER ATTN D. B. CHANG

ATTN B. WARNER 2100 S.E. MAIN
ATTrN J. LANDT IRVINE, CA 92713
ATTN T. R. KINGATTN R. W. FREYMAN 

OXFORD UNIVERSITY

ATTN A. W. CHURMATZ ASTROPHYSICS DEPARTMENT* ATTN L. M. DUNCAN SOUTH PARK ROAD

ATTN D. B. HENDERSON ATTN A. HALL

ATTN L. E. THODE OXORD--OXI 3RQ, ENGLANDPO BOX 1663 
SANDIA LABORATORIES~~~~~~LOS AL AMOS, NM 8754S A D A L B R T R E

L L , 8ATTN 
S. HUMPHRIES, JR.

4244 SANDIA LABS
MAX PLANCK INST. FUR AERONOMIE 424UEQDIE, M 87115
3411 KATLENBG
ATTN J. AXORD
ATTN E. MARSCH 

SCIENCE APPLICATIONS INC.LINDAU 3, WEST GERMANY 
1710 GOODRIDGE DR.
PO BOX 1303
ATTN E. KANE

MCLEAN, VA 22012

26



lo

DISTRIBUTION (Cont'd)

WESTERN RESEARCH CORP UNIVERSITY OF COLORADO
ATTN R. 0. HUNTER DEPT OF ASTROGEOPHYSICS
225 BROADWAY, SUITE 1600 ATTN M. GOLDMAN
SAN DIEGO, CA 92101 ATTN D. SMITH

BOULDER, COLORADO 80309
THE AUSTRALIAN NATIONAL UNIVERSITY
DEPT OF THEORETICAL PHYSICS CORNELL UNIVERSITY
ATTN D. B. MELROSE ATTN R. LOVELACE
Po BOX 4 ATTN R. N. SUDAN
CANBERRA A.C.T. 2600 ATTN, J. NATION
AUSTRALIA ATTN D. HAMMER

ITHACA, NY 14853
UNIVERSITY OF CALIFORNIA
DEPT OF APPL. PHYS. & INFORMATION DARTMOUTH COLLEGE

SCIENCE PHYSICS DEPT

ATTN H. ALFVEN ATTN J. E. WALSH
LA JOLLA, CA 92093 HANOVER, NH 03755

CALIFORNIA INSTITUTE OF TECHNOLOGY UNIVERSITY OF ILLINOIS AT
JET PROPULSION LABORATORY URBANA--CHAMPAIGN
ATTN J. C. HUBBARD DEPT OF PHYSICS
IRVINE, CA 92717 ATTN N. IWAMOTO

URBANA, IL 61801
UNIVERSITY OF CALIFORNIA
ELECTRICAL ENGINEERING DEPT ISTITUTO DI FISICA DELL' UNIVERSITA
ATTN C. K. BIRDSALL VIA CELORIA 16
BERKELEY, CA 94720 ATTN P. CALDIROLA

ATTN C. PAIZIS
UNIVERSITY OF CALIFORNIA ATTN E. SINDONI
PHYSICS DEPT 20133 MILANO, ITALY
ATTN A. N. KAUFMAN
BERKELEY, CA 94720 ISTITUTO DI FISICA DELL' UNIVERSITA

ATTN A. CAVALIERE
UNIVERSITY OF CALIFORINIA, DAVIS ATTN R. RUFFINI
APPLIED SCIENCES ROME, ITALY
ATTN J. DEGROOT
DAVIS, CA 95616 ISTITUTO DI FISICA GENERALE

DELL' UNIVERSITA
UNIVERSITY OF CALIFORNIA IRVINE CORSO M. D'AZEGLIO
DEPT OF PHYSICS ATTN A. FERRARI
ATTN G. BENFORD 46 TORINO, ITALY
ATTN N. ROSTOKER
ATTN M. MAYER UNIVERSITY OF MARYLAND
ATTN A. RAY DEPT OF ELECTRICAL ENGINEERING
IRVINE, CA 92717 ATTN M. REISER

ATTN W. DESTLER
UNIVERSITY OF CALIFORNIA, LOS ANGELES ATTN M. T. RNEE
DEPT OF PHYSICS COLLEGE PARK, MD 20742
ATTN K. NOZAKI
LOS ANGELES, CA 90025 UNIVERSITY OF MARYLAND

DEPT OF PHYSICS AND ASTRONOMY
UNIVERSITY OF CHICAGO ATTN H. R. GRIEM
LAB FOR ASTROPHYSICS & SPACE RESEARCH ATTN K. PAPADOPOULOS

ATTN E. PARKER ATTN J. WEBER
CHICAGO, IL 60637 COLLEGE PARK, MD 20742

CHALMERS UNIV. OF TECHNOLOGY
INST. OF ELECTROMAGNETIC FIELD

THEORY
ATTN H. WILHELMSSON
S-41296 GOTHENBURG, SWEDEN

27

I '



loonr

DISTRIBUTION (Cont'd)

MASSACHUSETTS INSTITUTE SPECOLA VATICANA
OF TECHNOLOGY ATTN W STOEGER, S. J.

PLASMA FUSION CENTER 1-00120 CITTA DEL VATICANO
ATTN G. BEKEFI ITALY
ATTN J. BELCHER
ATTN T. CHANG STANFORD UNIVERSITY
ATTN B. COPPI INST. PLASMA RES
ATTN R. DAVIDSON ATTN P. A. STURROCK
ATTN C. LIN STANFORD, CA 94305
ATTN S. OLBERT

ATTN B. ROSSI STERREWACHT-LEIDEN
CAMBRIDGE, MA 02139 ATTN C. A. NORMAN

" ATTN P. ALLAN
UNIVERSITY OF NAGOYA 2300 RA LEIDEN, THE NETHERLANDS
DEPT OF PHYSICS
ATTN S. HAYAKAWA TEL-AVIV UNIVERSITY
NAGOYA, JAPAN DEPT OF PHYSICS & ASTRONOMY

ATTN G. TAUBER
OXFORD UNIVERSITY TEL AVIV, ISRAEL
DEPARTMENT THEORETICAL PHYSICS
1 KEBLE RD INSTITUTE FOR THEORETICAL MECHANICS-
ATTN D. TER HAAR RUG
OXFORD OXI 3NP, ENGLAND KRIJGSLAAN 271-S9

ATTN F. VERHEEST
QUEEN MARY COLLEGE B-9000 GENT, BELGIUM
DEPT OF APPLIED MATH
MILE END ROAD UNIVERSITY OF TENNESSEE
ATTN D. BURGESS DEPT OF ELECTRICAL ENGINEERING
LONDON EI 4NS, ENGLAND ATTN I. ALEXEFF

KNOXVILLE, TN 37916
PRINCETON UNIVERSITY
ASTROPHYSICAL SCIENCES UMEA UNIVERSITY
PETON HALL DEPT OF PLASMA PHYSICS
ATTN R. KULSRUD ATTN J. LARSSON
PRINCETON, NJ 08540 ATTN L. STENFLO

S-90187 UMEA

PRINCETON UNIVERSITY SWEDEN
PLASMAPHYSICS LABORATORY
ATTN R. WHITE UNIVERSITY OF WASHINGTON
PRINCETON, NJ 08540 DEPT OF PHYSICS

ATTN M. BAKER
RUR UNIVERSITY SEATTLE, WA 98195
ATTN W. SEBOLD

ATTN W. ZWINGMANN WEIZMANN INSTITULE
4630 BOCHUM 1, WEST GERMANY DEPT OF NUCLEAR PHYSICS

ATTN AMRI WANDEL
OXFORD UNIVERSITY REHOVOT, ISRAEL

' DEPT OF ENGINEERING SCIENCE
PARKS ROAD US ARMY ELECTRONICS RESEARCH
ATTN L. M. WICKENS & DEVELOPMENT COMMAND
ATTN J. E. ALLEN ATTN TECHNICAL DIRECTOR, DRDEL-CT
OXFORD, UNITED KINGDOM

28



DISTRIBUTION (Cont'd)

HARRY DIAMOND LABORATORIES
ATTN CO/TD/TSO/DIVISION DIRECTORS
ATTN RECORD COPY, 81200
ATTN HDL LIBRARY, (2 COPIES) 81100
ATTN HDL LIBRARY, (WOODBRIDGE) 81100
ATTN TECHNICAL REPORTS BRANCH, 81300

(2 COPIES)
ATTN LEGAL OFFICE, 97000
ATTN CHAIRMAN, EDITORIAL COMMITTEE
ATTN MORRISON, R. E., 13500
ATTN CHIEF, 21000
ATTN CHIEF, 21100
ATTN CHIEF, 21200
ATTN CHIEF, 21300
ATTN CHIEF, 21400
ATTN CHIEF, 21500
ATTN CHIEF, 22000
ATTN CHIEF, 22100
ATTN CHIEF, 22300
ATTN CHIEF, 22800

ATTN CHIEF, 22900
ATTN CHIEF, 11000
ATTN CHIEF, 13000
ATTN CHIEF, 13200
ATTN CHIEF, 13300
ATTN CHIEF, 13500
ATTN CHIEF, 15200
ATTN CHIEF, 20240
ATTN GRAYBILL, S., 22300
ATTN STEWART, A., 22900
ATTN KERRIS, K., 22900
ATTN BROWN, E., 00210
ATTN WORTMAN, D., 13200
ATTN BROMBORSKY, A., 22300
ATTN KEHS, A., 22300
ATTN GILBERT, R., 22800
ATTN VANDERWALL, J., 22800
ATTN CONWAY, T., 22300
ATTN BLACKBURN, J., 22800
ATTN MEYER, 0., 22800

ATTN OLDHAM, T., 22300
ATTN MCLEAN, B., 22800

ATTN SILVERSTEIN, J., 13300
ATTN BRUNS, H., 15400I ATTN HUTTLIN, G. A., 22900
ATTN SOLN, J., 22300

ATTN LEAVITT, R., 13200
ATTN CROWNE, F., 13200
ATTN MORRISON, C., 13200
ATTN GERLACH, H., 11100
ATTN LEVITT, L., 21400
ATTN BRANDT, H. E., 22300 (40 COPIES)

29


